INTRODUCTION
Bermudagrass (Cynodon spp.), a C 4 plant, growth and development is interrupted when light interception is reduced. In shade, warm-season turfgrass decline is attributed to morphological limitations, such as reduced lateral stem growth (Beard, 1997) . A shaded microenvironment initiates excessive shoot vertical growth, depleting turfgrass root carbohydrate status (Qian and Engelke, 1999) . Previous warm-season and cool-season turfgrass evaluations have noted a linear relationship as shade increases, vertical shoot growth increases (Qian et al., 1998; Tegg and Lane, 2004) .
Bermudagrasses continue to be the preferred turfgrass species used as variable turf types in the southern United States (McCarty and Miller, 2002; McCarty, 2005) , however, its use is often limited when optimal light interception is interrupted. For example, a 'TifEagle' bermudagrass putting green requires 32.6 mol m -2 d -1 for acceptable turfgrass quality (≥7) (Bunnell et al., 2005a) , while 'Floradwarf' and 'Tifdwarf' bermudagrass requires 38.6 mol m -2 d -1 for sustained growth (Miller et al., 2005) . Cultural practices to enhance warm-season turfgrass TQ under shade includes raising mowing heights (Bunnell et al., 2005b; White, 2004) , reducing nitrogen rates (Bunnell et al., 2005b; Goss et al., 2002; Bell and Danneberger, 1999; Burton et al., 1959) , applying plant growth regulators (Bunnell et al., 2005b; Ervin et al., 2003; Qian et al., 1998; Qian and Engelke, 1999) , and watering deeply and infrequently (Dudeck and Peacock, 1992) .
Variation among C 4 turfgrasses shade sensitivity has been previously investigated. Bunnell et al. (2005c) reported 'Meyer' Japanese zoysiagrass (Zoysia japonica Steud.) had greatest shade tolerance maintaining acceptable TQ (>7) at 71%, 'Celebration' bermudagrass at 58%, and 'TifSport' and 'Tifway' bermudagrass at 41% continuous shade. Jiang et al. (2004) noted significant variation between seashore paspalum (Paspalum vaginatum Swartz) and bermudagrass entries under 70% and 90% shade. 'Sea Isle 1' and 'Temple 1' paspalum were shade tolerant, while TifSport and TifEagle bermudagrass showed least shade tolerance. In a similar study, Jiang et al. (2005) also noted greater shade tolerance of Sea Isle 1 compared to TifSport bermudagrass. Gaussoin et al. (1988) noted the diversity of 32 bermudagrass cultivars under 90% uninterrupted shade. According to results, 'Boise', 'No Mow', and 'NM 2-13' were relatively shade tolerant, while 'Arizona Common' and 'Santa Ana' were relatively shade sensitive. Due to the genetic variation and diversity among existing bermudagrass cultivars, it is critical to continue shade tolerance evaluation of new bermudagrass cultivars. Therefore, the objectives of this research were to evaluate bermudagrass growth and determine the diversity of Data collection was identical in year I and II. Turfgrass quality ratings were recorded after 4 and 8 weeks of shade exposure based on a subjective combination of color, density, texture, and uniformity of the bermudagrass surface. Quality was visually evaluated from 1 to 9, 1 = brown, dead turf, 6 = minimal acceptable turf, 9 = ideal green, healthy turf.
MATERIALS AND METHODS
Root biomass (g) and length (cm) were determined at the end of the study. Roots were extracted from the soil and thoroughly washed until all soil was removed. Following soil removal, root length was measured from the base of the thatch to the longest fully extended root present. Roots were then clipped from the base of thatch and dried in an oven at 80.0 o C for 48
hours. Once dried, samples were weighed to determine total root biomass.
Chlorophyll (mg g -1 ) was recorded at week 4 and 8. Clippings were collected from each cone-tainer and immediately placed in a plastic bag inside a covered bucket to prevent sunlight degradation. Clippings were weighed (0.1g) and placed in a glass test tube (1.0 cm in width and 14.8 cm in length) with 10 ml of dimethyl sulfoxide (DMSO) (Hiscox and Israelstam, 1979) .
Samples were incubated in 65 o C water on a hot plate (PC-600, Corning, Corning, NY) for 1.5
hours and continuously shaken. Upon completion, samples were passed through filter paper (Whatman 41, Whatman, England) and remaining extract (2 ml) was transferred into cuvettes.
The absorbance values were recorded at 663 nm and 645 nm wavelengths using a spectrophotometer (Genesys TM 20, ThermoSpectronic, Rochester, NY). The following formula was used to calculate total chlorophyll = (8.02 * D 663 + 20.2 * D 645 ) * 0.1 (Arnon, 1949).
Data Analysis
Each treatment was replicated three times in a randomized complete block design. Data from both years were combined as year I x year II interactions were not significant. All statistical computations were conducted using analysis of variance ( 
RESULTS

Micro-environment
Compared to full-sun, shade cloths reduced temperatures 13%, while no difference in light quality were detected. Although light quality has been shown to impact turfgrass growth (Wherley et. al., 2005) , the focus of this study was stadium (artificial) shade. The greenhouse glass provided an additional 9% reduction in solar irradiance for all treatments.
Turfgrass Quality
Most cultivars visual TQ scores dropped well below acceptable threshold of 6 following Sahara (3.8), Arizona Common (4.2), B-14 (4.3), and Panama (4.3), while Aussie Green (7.2), Celebration (6.5), TiftNo.4 (6.2), TiftNo.1 (6.3), Sunbird (6.2), and Transcontinental (6.0) maintained acceptable TQ ratings following 4 weeks of 64% shade. Industry standards, Tifway and TifSport, had TQ scores of 5.0 and 5.5, respectively. After 8 weeks of continuous 64%
shade, all cultivars had severe tissue discoloration (Table 2) . However, Aussie Green (5.3),
TiftNo.4 (4.8), and Celebration (4.5) maintained significantly higher TQ scores compared to Patriot (2.5), Premier (2.7), NuMex Sahara (2.7), Panama (2.7), La Paloma (2.8), and Midlawn (2.8). In the absence of shade, most cultivars maintained or showed near acceptable TQ by week 8.
Within week 4 TQ ratings, shade grown cultivars Transcontinental, CIS-CD6, Aussie
Green, Celebration, TiftNo.1, TiftNo.2, TiftNo.4, and Mohawk did not have significant TQ reductions compared to full-sun. However, within week 8, all cultivars grown in shade had a significant decline in TQ compared to full-sun ratings.
Chlorophyll
Significant variations occurred for shoot chlorophyll concentrations at weeks 4 and 8 ( SWI-1041, TiftNo.1, and Yukon produced significantly higher chlorophyll concentrations at week 4 when grown in shade compared to full-sun, however, this response was transient (Table 2 ). Transient increases in chlorophyll content have previously been reported under other environmental stresses (Jiang and Huang, 2001) . Within week 8, many cultivars chlorophyll concentration declined. Compared to full-sun, shade-grown cultivars Ashmore, SWI-1014, B-14, and Premier, had a ~66% decline in chlorophyll, while SWI-1046, La Paloma, Aussie Green, and Midlawn showed a ~28% chlorophyll reduction.
Root Length
Overall, root length was least affected by shade compared to other parameters measured.
No significant variations were noted for root length when grown in full-sun (Table 3) . Cultivars grown under 64% shade had some statistically different root length variation. Most striking differences were TiftNo.2 producing 89% greater root length than Arizona Common, while SWI-1014 had a 57% root length reduction compared to Riviera. Shade-grown Arizona Common, SWI-1014, and Sundevil, had a 63%, 59%, and 41% decrease, respectively, compared their sungrown counterparts.
Root Biomass
Each cultivar, regardless of shade tolerance or sensitivity, had a significant reduction in root biomass (Table 4) (Table 5 ).
The most consistent performing cultivar across all parameters was Celebration. When grown in shade, Celebration was able to consistently maintain TQ, chlorophyll, root length, and root biomass in the top statistical category. In a previous investigation, Celebration was noted for its relative shade tolerance (Bunnell et al., 2005c) . At 71% shade, Celebration and 'Meyer' zoysiagrass maintained similar TQ scores at a 25 mm mowing height, while Tifway and TifSport were deemed commercially unacceptable. In this study, Celebration had TQ scores of 6.5 and 4.5 at weeks 4 and 8, respectively, while Tifway and TifSport TQ scores were consistently lower throughout the duration of the 8-week study ( Turfgrass quality based on a scale of 1 -9, 1 = brown/dead turf, 6 = minimal acceptable turf, 9 = ideal green, healthy turf. 
